Options for the treatment of VCFs include conservative management, kyphoplasty, and vertebroplasty. The cost-effectiveness of surgical intervention for VCF has been criticized, and some suggest their outcomes to be similar to placebo. Methods: Patients 18 years of age and older who developed a VCF were identified and separated into three treatment cohorts: vertebroplasty, kyphoplasty, and non-surgical. Propensity score matching was performed to match patients between cohorts. Main outcomes assessed included reoperation, complications, healthcare resource use and associated cost. Outcomes were compared at three separate time intervals (patients at index hospitalization; patients with at least 2-year follow-up data; and those with at least 4-year follow-up data). Results: Twenty thousand seven hundred forty patients were identified with VCFs, yielding 7,290 after propensity score matching. The mean age of the patients was 78±12 years; and 5,507 (75.5%) were female. All reoperation rates ranged from 6%-17%, while complication rates ranged from 7%-10%, which did not differ significantly among the three cohorts at all follow-up periods. Overall costs were noted to be significantly greater in both the kyphoplasty and vertebroplasty groups at 1-year follow-up, not at 2-year and 4-year follow-up. Conclusions: Our data suggests that the treatment of a VCF patient will likely be associated with similar long-term operative and complication rates regardless of treatment modality. 
Introduction
Osteoporotic vertebral compression fractures (VCFs) are a common cause of pain and disability in the elderly population, affecting nearly one-quarter of individuals over the age of fifty during their lifetime [1, 2] . Worldwide, there are approximately 1.4 million new VCFs reported each year, with approximately 750,000 annually in the United States alone [3, 4] .
Although many VCFs tend to heal with only conservative treatment (i.e., pain medication, bracing, rest etc.), some cases require surgical intervention. The two most widely employed procedures are vertebroplasty and kyphoplasty [5] . Both are minimally invasive spinal augmentation techniques, in which bone cement is delivered to the VCF via a transpedicular needle. The main difference between the two procedures is that kyphoplasty involves the use of an inflatable bone tamp, in an attempt to restore some vertebral body height prior to cement deployment, while vertebroplasty does not [5, 6] .
Currently in the literature, two randomized controlled trials have suggested that both vertebral augmentation procedures are safe and effective, and may be superior to conservative management in their ability to provide immediate pain relief [7, 8] . In addition, a 2012 systematic review reported greater pain relief and fewer subsequent fractures in osteoporotic VCF patients treated with either vertebroplasty or kyphoplasty than nonsurgical management [9] . Conversely, two double-blind, randomized, placebo-controlled trials published in 2009 suggested that vertebroplasty was no different than a sham intervention in relieving pain or improving functional outcomes in VCFs [10, 11] .
With such conflicting evidence, insurance payers have begun to review existing reimbursement guidelines in trying to limit or withdraw coverage for these procedures. Thus, more studies are needed to arrive on a consensus on the optimal treatment strategies for VCFs to minimize cost and improve quality-of-life [12] . Also, the direct medical costs associated with VCFs have been estimated at $13.8 billion annually in the US alone, and indirect costs in lost productivity, pain and suffering are even greater [13] [14] [15] . Given the increasing importance and cost of VCF to the healthcare system, the purpose of this study was to compare the real-world practice and management options for VCFs (conservative, kyphoplasty, vertebroplasty) with an emphasis on reoperation, complications and healthcare resource use in the United States hospitals.
Materials and Methods
We used the Thomson Reuters MarketScan data, utilizing the Commercial, Medicare Supplemental and Medicaid databases for the years 2005-2009. The MarketScan database contains patient-level data on clinical utilization, insurance enrollment and costs, as grouped into inpatient, outpatient and prescribed medication files [16] . Each patient in the MarketScan database is assigned a unique encrypted identifier which can be used to link different tables. We limited our sample to VCF patients identified between 2005 and 2009, as individual procedure codes for vertebroplasty and kyphoplasty did not exist prior to 2005 and data after 2009 was not yet available.
We queried the inpatient tables for cases where there was a primary diagnosis of 'vertebral compression fracture' (ICD-9-CM codes 733.13, 805.2, 805.4). The first occurring case for each patient was defined as the index procedure hospitalization. The index procedure hospitalization was categorized into three procedure groups: kyphoplasty without concurrent vertebroplasty; vertebroplasty without concurrent kyphoplasty; and non-surgery (no kyphoplasty, vertebroplasty, laminectomy, fusion or refusion). All patients who could not be assigned to a procedure group were excluded. To recognize procedures, we used ICD-9-CM procedure codes and CPT-4 codes. For kyphoplasty, we used ICD-9-CM codes 81. Preoperative and postoperative follow-up times were calculated as the difference between the date of the index procedure hospitalization and the patient's stated start and end enrollment date in the database.
The main outcomes of interest were reoperation (kyphoplasty, vertebroplasty, laminectomy, fusion or re-fusion), complications (renal, cardiac, neurological, deep vein thrombosis/pulmonary embolism, pulmonary, infection, wound), healthcare resources use (hospital days, outpatient services, outpatient prescribed medications) and associated costs. The occurrence of complications was evaluated during index hospitalization and at 30-day and 90-day after surgery. All other outcomes were evaluated at one, two, three and four years after the index hospitalization and at the last hospitalization of the patient in the dataset. We performed propensity score (PS)-matched comparisons using three types of cohorts: all patients, patients with at least two years of postoperative followup and patients with at least four years of postoperative continuous enrollment. All costs were inflated to 2009 US dollars, using the medical component of the consumer price index (the United States Bureau of Labor Statistics website) [17] .
Explanatory variables were baseline characteristics at index procedure hospitalization. We used age, gender, the year of index surgery, preoperative and postoperative follow-up days, insurance type (commercial, Medicare or Medicaid) and comorbidities. Comorbidities were measured through the Charlson index, which was computed using Deyo's adaptation to the ICD-9-CM codes [18] .
Patients who underwent vertebroplasty were matched in one-to-one fashion, respectively, with patients who underwent kyphoplasty and with the non-surgical group. Thus, two propensity matching processes were conducted. In both cases, the PS was calculated as the probability of undergoing vertebroplasty using a multivariate logistic regression, in which all the explanatory variables described above were added as covariates in addition to the procedure group. The greedy macro was used to perform the matching.
To compare kyphoplasty and vertebroplasty to nonsurgery, we used non-parametric rank sum test for continuous variables and the chi-square or Fisher's exact test for categorical variables. Outcomes that showed a statistical difference for this univariate comparison were then compared using multivariate analysis, including insurance, age, gender, and Charlson index as covariates in addition to the procedure group.
Results

All patients, PS matched (index hospitalization)
Between 2005 and 2009, 20,740 patients with VCFs were identified in the Market Scan database, with 7,290 remaining after PS matching. After PS matching, the mean age of the study population was 78 years, and 5,507 (75.5%) were female. The majority of the patients were insured by Medicare (78.5%). Charlson comorbidity indices were low overall (86.3% had Charlson comorbidity indices below 2), indicating a relatively healthy cohort.
Exactly 7.1% of patients required further operative intervention after initial management. The kyphoplasty group had a 5.4% reoperation rate, making them 1.4 times more likely than the conservative group to undergo additional kyphoplasty (p<0.0001; odds ratio [OR], 1.439 [1.245-1.662]). Patients receiving vertebroplasty had a 4% reoperation rate, and were 3 times more likely than the conservative group to undergo further vertebroplasty (p<0.0001; OR 3.080 [2.351-4 .036]). The non-surgery group had 2% reoperation rate, which consisted mainly of spine fusion procedures. Also, overall complication rates did not significantly differ among treatment groups (p=0.7689) (Fig. 1) .
During the total postoperative follow-up time, the kyphoplasty group required fewer total inpatient hospital days from subsequent admissions (mean, 6 inpatient days), when compared to the non-surgery (8) and vertebroplasty groups (8, p<0.0001 ). Both intervention groups demonstrated significantly less outpatient healthcare use, compared to the non-surgery group (Mean cumulative outpatient costs: 25,266 (non-surgery) vs. 19,629 (kyphoplasty) and 21,354 (vertebroplasty), p<0.0001).
Two-year follow-up, PS matched
When our sample was restricted to only those patients with at least 2-year of follow-up, 2,094 patients remained in the PS matched dataset. By 2-year follow-up, 7.9% of conservatively managed patients and 11.35% of kyphoplasty patients underwent further reoperation (p=0.0713). Kyphoplasty patients accumulated significantly fewer inpatient hospital days at 2-year, compared to the other two groups (mean, 6 Overall cumulative costs were significantly greater in the surgical intervention groups at 1-year, compared with the conservative management group; but this difference was Asian Spine J 2014;8(5):605-614 resolved at 2-year (Table 1) .
Four-year follow-up, PS matched
There were 383 patients included in the 4-year postoperative, continuous enrollment, PS matched cohort. There was no significant difference in overall reoperation rates in all three groups (p=0.6997) (Fig. 2) . Vertebroplasty group had significantly more vertebroplasty procedures at 2-and 4-year (vertebroplasty group=35 at 2-year and 11 at 4-year; kyphoplasty=8 at 2-year and 0.0 at 4-year; and non-surgery= 9 at 2-year and 1 at 4-year; p<0.0001). Furthermore, cumulative costs were not significantly different among all groups ( 
Discussion
VCFs due to osteoporotic degeneration, metastatic disease, primary tumor or spine trauma represent an increasingly significant public health problem, with osteoporosis being the most common cause of VCFs. Medical management, including bed-rest and bracing, may help to reduce pain over weeks or months; however, in frail elderly patients, long periods of inactivity are associated with higher rates of pneumonia, decubitus ulcers, venous thromboembolism and even death [18] . Hence two minimally invasive spine augmentation techniques, vertebroplasty and kyphoplasty, were developed and soon became widely used for adequate management of pain and quality-of-life. However, there were still ongoing debates on the cost efficacy of these procedures. Recent studies done by Buchbinder et al. [10] and Kallmes et al. [11] comparing vertebroplasty to sham surgery stirred a debate about the superiority of surgical intervention in the long-term management of VCFs. However, vertebral augmentation may still be more beneficial in patients with comorbidities, for whom prolonged bed-rest is impractical or dangerous; i.e., those in which fractures fail to heal and in patients with painful VCF due to metastatic disease. Our study was meant to verify if indeed vertebral augmentation is overall the most optimal and cost-effective treatment for VCFs. There is abundant evidence demonstrating that vertebral augmentation provides significant and sustained clinical benefit for patients with VCFs. Eck et al. [19] published a meta-analysis comparing all reports on vertebroplasty (60 studies) and kyphoplasty (23 studies) for VCFs published through 2006. The study showed that there was a statistically significant improvement in pain scores for each procedure alone (p<0.001), with a mean improvement of 5.68 for vertebroplasty and 4.60 for kyphoplasty, yielding a VAS score well beyond 33%, deemed clinically significant.
Demographics
Our study population was felt to be representative of the predominantly post-menopausal female cohort most often affected by VCFs, as the mean age was 78 years and 75.5% were female. Also, the majority of patients had a Charlson comorbidity index of 0 or 1, signifying relatively few or less serious comorbidities.
Reoperation
All-type reoperation rates were similar amongst all three management groups in the data sets analyzed, ranging from 6%-17%, over the follow-up intervals. Though relatively rare, when reoperation did occur, repeat kyphoplasty or vertebroplasty tended to be preferred.
Complications
Several studies, including a 2012 systematic review and meta-analysis of kyphoplasty versus vertebroplasty by Ma et al. [12] , have reported that both vertebral augmentation procedures are safe and effective for treating osteoporotic VCFs. Complications associated with vertebral augmentation are most often asymptomatic cement extrusion (observed rates of 10%-15%) from the vertebral body, but can include pulmonary embolism, infection and neurologic deficit to name a few [6, 20] . The rate of major complications associated with vertebral augmenta- tion, including those requiring further surgical intervention or causing permanent sequelae, is reported to be <5% [21, 22] . Unfortunately, it is unclear from this analysis which specific complications have been encountered amongst VCF patients in each treatment group. However, a past study by Eck et al. [19] comparing complication rates in vertebral augmentation showed that the prevalence of cement leak was 19.7% in VP, compared to 7.0% with KP (p<0.001). Our study demonstrates that complications among surgical groups did not significantly differ from the non-surgery group, suggesting either procedure is relatively safe compared to conservative management.
Healthcare resource use and cost
Many attempts have been made to better understand the healthcare economics of vertebral augmentation. In 2008, Gray et al. [23] reported that the nationwide volume-and inflation-adjusted charges associated with vertebroplasty doubled between 2001 and 2005, from $76 million USD for 14,142 cases to $152.3 million USD for 29,090 cases. Previous reports have suggested vertebroplasty to cost 10 to 20 times less than kyphoplasty [24] . In our study, initial cost appears to be significantly higher for kyphoplasty patients at index hospitalization, but the overall cost was similar at 4-year, due fewer inpatient and outpatient resources use. Overall, it can be inferred that the management of VCF, over a 4-year followup period from index hospitalization, does not differ significantly between patients receiving kyphoplasty and those receiving vertebroplasty. Thus, healthcare resource use and associated cost of VCF treatment modality should not be the primary decision-making point.
With the reoperation rates, healthcare costs and complication rates found to be similar, long-term pain relief and quality-of-life improvement seem to be of primary importance in deciding on the best treatment for VCFs [25] . In 2012, Papanastassiou et al. [9] performed a systematic review of the literature, which suggested that both vertebral augmentation procedures are superior to non-surgical management in regards to improving back pain, with kyphoplasty favored to improve disability and quality-of-life. Although further comparative controlled trials are certainly warranted, the summation of these study results, in addition to our findings of no significant difference in cost to US healthcare expenditures at 4-year follow-up, suggests that vertebral augmentation procedures represent a reasonable treatment option for painful VCF. 
Limitations
This study has evaluated a nationally-selected cohort of patients, reducing discrepancies and biases that result from selecting patients from particular centers or surgeons. The data used also contains comprehensive information on reoperations, patient morbidity and healthcare charges. However, retrospective reviews that utilize national databases are intrinsically limited by the information recorded therein. There is currently no way of determining disease severity or procedural specifics from the MarketScan database. Thus, our analysis was unable to account for differences in severity of VCF between the nonsurgical, vertebroplasty and kyphoplasty groups, a potentially critical confounding variable in comparing these different management options. Further, we are unable to assess for the particulars of techniques such as volume of cement injected, insufflation pressure or the experience of the interventionalist/surgeon. Since the new ICD-9 codes for kyphoplasty and vertebroplasty were adopted in late 2004, we chose to limit our analysis to VCFs reported between 2005 and 2009. Restricting our patient sample to 4-year, as well as PS-matching the study sample, significantly limited the total number of patients included, thus limiting the statistical power of the study. Lack of quality-of-life data limits a comprehensive assessment of VCF treatment options. The consistent finding of similar operative and complication rates at 4-year and $100,000 in cost regardless of medical or interventional treatments supports a reasonable degree of sensitivity to our analytic assay.
Conclusions
VCFs represent a significant burden on the aging US population, and various options exist for treatment. Preferred treatment remains controversial, especially in terms of quality-of-life improvement, risk-benefit ratio and costeffectiveness. We compared conservative management, kyphoplasty and vertebroplasty for the treatment of VCFs in regards to reoperation rates, complications and healthcare resource use and associated costs. Our findings suggest that the treatment of a VCF patient will be associated with a 15.4% reoperation rate. It will uniformly cost the healthcare system approximately $100,000 USD over the course of four years to treat a VCF patient through the use of different healthcare resources. In conclusion, kyphoplasty and vertebroplasty have equivalent longterm costs to nonsurgical management. Although more controlled trials are certainly warranted, in light of recent supporting evidence and this study, vertebral augmentation should be considered as a valid and cost-effective treatment option in the management of painful VCFs. Furthermore, given that vertebral augmentation is equivalent to conservative management of VCFs in terms of costs, reoperation and complications, it is fair to conclude that vertebral augmentation is superior to conservative management on the basis of pain control and quality-oflife, as supported by various recent studies.
